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1INTRODUCTION
The synthesis of inorganic materials has traditionally 
involved high temperatures. However, during the last few 
decades, synthetic techniques for making inorganic compounds 
at relatively mild temperatures have been developed. Two 
specific examples are the sol-gel preparation of silicate 
glasses from the hydrolysis of silicon alkoxides, and the 
chemical vapor deposition of III-V semiconductors such as 
galli urn arsenide from trimethylgal1ium and arsine. These 
techniques feature increased energy efficiency, greater ease 
of tailoring properties, and are applicable to a wider range 
of materials, making their use preferable over the earlier, 
high temperature methods.*
The target of our project is to develop new chemical 
vapor deposition (CVD) methods for preparing thin films of 
ceramic and electronic materials at unprecedentedly low 
temperatures, and then to investigate the properties of the 
films so produced. The first successful deposition of a 
ceramic material from an organometallic precursor using our 
method was the production of high-quality titanium carbide 
films (TiC) at 150-250°C from tetra(neopentyl)titanium.^a'^ 
TiC is one of the hardest materials known and is remarkably 
stable even at high temperatures (m.p. 3067cC ).
Furthermore, it is essentially unaffected by strong acids 
and aqueous alkali. These properties make titanium carbide
a very useful material for high temperature and high 
physical stress conditions, with potential uses ranging from 
first-wall coatings for fusion reactors to protective 
coatings for cutting tools and low friction coatings for 
bearings. Present industrial methods utilize temperatures 
in excess of 1000°C for the CVD preparation of titanium 
carbide from titanium tetrachloride, methane, and hydrogen.
Obviously, there is great potential in the 
metallorganic approach to chemical vapor deposition (MOCVD) 
of titanium carbide and other ceramic materials. However, 
there are still many questions to be answered about the low 
temperature deposition of titanium carbide. For example, 
the mechanism of the deposition of the film is still 
unclear; specifically, the mechanism by which the 
neopentyltitanium loses organic fragments to leave titanium 
carbide has not been determined. To study this and the 
mechanisms of other deposition reactions, a larger vacuum 
system equipped with a quadrupole mass spectrometer (the 
Super CVD) was designed. Deuterium-labelled precursors are 
being synthesized and used for deposition studies that will 
be monitored by the quadrupole mass spectrometer. This 
thesis describes the synthesis of the starting materials d2 - 
neopentyl alcohol and d2 «neopentyl chloride used for making 
the deuterated starting material tetra(d2 -neopentyl) 
titanium, the study of the reaction mechanism occurring
2
3during the titanium carbide deposition, and the design of 
the Super CVD apparatus.
RESULTS AND DISCUSSION
Synthesis of Peuterated Precursors
d2 -Neopentyl alcohol, (CH3 )3CCD2QH, was prepared from 
pivaloyl chloride and lithium aluminum deuteride in diethyl 
ether solution.^ After the ether was removed via 
distillation, the d2 ~NpOH was isolated as a white solid in 
41% yield after distillation (bp 113-1160C, lit. bp 113- 
114°C). The NMR spectrum ehxhibited resonances due to 
the methyl and alcohol protons, but no evidence of the 
methylene protons was seen, indicating that virtually all of 
the alcohol was deuterated in the methylene position.
The synthesis of the Vielsmier reagent,^ 
l(CH3 )2 NsCHC1 )C 1 , was accomplished by adding phosphorus 
pentachloride slowly to dimethylformamide (DMF) with 
stirring. After stirring overnight, the pale yellow 
crystals of the Vielsmier reagent were isolated in 65% yield 
by removing the DMF via cannula and washing the product dry 
with diethyl ether. No characterization of the crystals was 
carried out.
The synthesis of dj-neopentyl chloride, {CH3 )3CCD2 CI,  ^
was performed by adding a solution of d^-NpOH in DMF 
dropwise to a slurry of the Vielsmier reagent in DMF. After 
heating overnight to complete the reaction, the resulting 
dark red solution was transferred to a distillation 
apparatus where the d2 -NpCl was isolated as a clear liquid
in 27% yield. Both the IR and NMR spectra showed the
presence of traces of dimethylformamide in the product. 
Again, the NMR spectra showed only the methyl signal and not 
the methylene, indicating a high degree of deuteration in 
the methylene position.
The approach used to synthesize the deuterated 
compounds for the mechanistic studies was chosen after 
exploration of many other routes. The neopentyl alcohol 
synthesis originally called for the use of pivalic acid as 
the starting material.^ However, the acid did not react 
completely with the lithium aluminum hydride, and the 
presence of unreacted pivalic acid caused difficuities in 
isolating the pure alcohol. Hence, the corresponding acyl 
chloride was chosen, and the isolation of pure neopentyl 
alcohol was much easier.
The decision to use the Vielsmier reagent as the 
chlorinating agent to produce neopenLyl chloride came after 
many other reagents failed to chlorinate the stericallv 
hindered neopentyl alcohol. Because NpOH has three methyl 
groups connected to the (^-carbon, Sn2-t:ype reactions are 
nearly impossible. Furthermore, since the alcohol is on a 
primary carbon, Snl-type reactions are difficult because a 
primary carbocation tends to rearrange via methyl migrations 
to a more favorable intermediate. Thus, it is not 
surprising that attempts to produce NpCl by reacting 
neopentyl alcohol with dichlorotriphenyIphosphine,
6(CgH^ ) 3 PC 12 f ^ and thionyl chloride, SOC^r7 failed to yield 
neopentyl chloride in good yield. Success was found with 
the Vielsmier reagent, [ (C H 3 ) 2 W-CHC J J C l . A more rerei.t 
synthesis describes a milder approach by reacting neopentyl 
tosylate with lithium chloride to produce neopentyl chloride 
in good yield (69%).® However, this method would require an 
additional step to convert the neopentyl alcohol to 
tosylate, and the overall improvement in yield would not be 
great.
The use of neopentyl chloride to produce 
neopentyllithium, and ultimately tetra(neopentyl)titanium, 
was chosen mainly due to the ease of obtaining neopentyl 
chloride. For example, neopontyl1ithium can be prepared 
alternatively from the react ion of neopentyl bromide with 
lithium metal.^ However, this approach was not employed 
because the yield was low and it required the use of liquid 
Br2 to produce neopentyl bromide. Thus, the method 
described above was the one finally chosen.
Mechanistic Studies of Titanium Carbide CVD
Several depositions of titanium carbide have been run 
on the Super CVD using the QMS. None of these runs involved 
deuterated precursors, but the data obtained were still 
useful. When the reaction was performed at 10~^ torr, the 
major gaseous product of the reaction was neopentane (97.5%) 
and the only other detectable gaseous byproduct was 
isobutylene (2.5%). However, when the deposition was
7performed at atmospheric pressure (700 torr), there is no 
isobutylene produced and the relative amount of neopentane 
decreases (93%). The remaining byproducts are mainly 
propene (2 .8%) and neopentyl radical coupling products: 
2,2,5,5-tetramethyl-3-hexene (0.9%), 2 ,2-dimethylpentane 
(0.4%), and 2,2,5,5,-tetramethylhexane (0.3%), This 
indicates that the major mechanism of decomposition of the 
tetrakisneopenty1-titanium is a radical mechanism involving 
homolysis of the Ti-C bond. However, there are some 
branched alkenes produced (isobutylene and propene), 
indicating a possible mechanism involving cleavage of C-C 
bonds within the neopentyl ligand. This is the purpose of 
the deuterium labelled precursors: to help determine the
exact mechanism(s) occurring by analyzing the gaseous 
products for the presence and location of deuterium as well 
as the chemical species produced.
P s g jq n  9 t .S.up.sff ...A M m a u n
The first depositional runs were performed in a small, 
all-Pyrex reaction set-up connected to a small diffusion 
pumo (see Figure 1). These runs produced excellent 
coatings, but the system has some limitations. For 
instance, the depositional 'hot zone” is vertical, so that 
many of the coatings are gradated along the length of the 
substrate from top to bottom. Also, there is no convenient 
way to connect other equipment, such as a quadrupole mass 
spectrometer, for direct analysis of gaseous by-products.
8Finally, the small scale of the apparatus limits the types 
of substrates that can be placed in the deposition zone. 
Thus, a larger set-up, the optimistically-named Super CVD, 
was designed (see Figure 2).
The first major step in designing the Super CVD was the 
making of a practical high vacuum svstem to produce the 
conditions required for the deposition of uniform thin 
films. This entailed the use of a large diffusion pump, a 
liquid nitrogen trap, two gate valves, and a roughing pump. 
These were assembled in a stack and then connecting tubing 
was designed to enable the roughing pump to lower the 
pressure in the system before the diffusion pump is used. A 
connecting piece in the stack itself, called a spool, was 
also designed to allow removal and analysis of the contents 
of the liquid nitrogen trap (see Figure 3).
Once the vacuum system had been designed, the next step 
was to construct the depositional zone and the supporting 
glassware required. This included a smaller cold trap to 
prevent any large quantity of volatile material from getting 
into the pumping stack, a sublimation vessel to drive the 
precursor into the deposition zone, and a sealed glass 
ampule design to introduce he precursor into the sublimation 
vessel without separating the vessel from the main system. 
This section of the apparatus is shown on the left side of 
Figure 2.
9The final addition to the design was the quadrupole 
mass spectrometer and its accompanying turbo pump. This 
required the addition of a tee piece with a special fitting 
to allow connection of the QMS (the piece immediately to the 
right of the deposition zone in Figure 2).
All of the mechanical drawings were made with the use 
of the drafting program AutoCAD, sold by Autodesk, Inc. The 
appendix at the end of this thesis details the use of this 
program, both as it applies to general work and how it was 
specifically used for these drawings.
EXPERIMENTAL
All proton nuclear magnetic resonance spectra were 
performed on a Nicolet QE-300 NMR Spectrometer. The 
infrared spectrum was run on a Perkin-Elmer 599B Infrared 
Spectrophotometer. Diethyl ether was distilled from sodium 
benzophenone. Dimethylformamide(EK Industries) was dried 
over 3A molecular sieves(Linde).
^ 2 I fllSfliwic-i£H3l3CCB2SM: To d blurry of
lithium aluminum deuteride (4.26g,0.102mol) in diethyl ether 
(180ml), a solution of pivalyl chloride (25ml,0.203moi) in 
diethyl ether (90ml) was added dropwise. During the 
addition, the solution was kept at 0°C. After the addition 
was completed, the solution was refluxed and stirred for two 
hours. After the solution was cooled to room temperature, 
distilled water (40ml) was added slowly to hydrolyze the 
remaining deuteride. The mixture was transferred to a 
separatory funnel using aqueous sulfuric arid (18 ml cone, 
in 300ml solution). The organic fraction was removed. The 
aqueous solution was extracted with diethyl ether (3x100ml) 
and the extracts were combined with the organic fraction and 
dried over calcium chloride overnight. The ether was 
removed via distillation, and the neopentyl alcohol was 
distilled to give a white solid (resembling ice). Yield:
7.50g, 41%. B.P. 113-116°C, lit. 3 113-114°C. NMR(CDC13, 
25°C) : 60.85 (9H,s,M§3CCD2OH); 62.31 ( 1H, s , d2 -NpOiJ) .
vielamier Reagent, f (CH3 )3N*CHC11CX s Solid phosphorus 
pentachloride (20.05g,96.3mmol) was added slowly to neat 
dimethylformamide (40ml,excess), keeping the temperature 
below 70°C. After being stirred overnight, the orange 
solution was removed from the yellow-orange crystals by 
cannula. After being washed with ice-cold DMF (2x20ml) and 
Et2 0 (25ml), the pale yellow crystals were dried in vaccuum. 
Yieldt 7.97g, 65%.
d7-NeoDentvl chloride.(CH3 )?CCD7 C1» To a slurry of the 
Vielsmier reagent (7.96g,62.2mmol) in DMF (15ml), a solution
of d2 ~neopentyl alcohol (3.03g,33.6mmol) in DMF (6ml) was 
added slowly to keep the temperature below 70°C. After 
completion of the addition, the solution was heated to 105°C 
and maintained at that temperature (i5°C) for 16 hours. The 
solution was removed via cannula and neopentyl chloride was 
distilled from the mixture as a clear liquid. Yield! 0.97g, 
27%. B.P. >83°C. XH NMR (CDC13 ,2 5°C ) i 60.99 ( s ,iJa3CCD2Cl) .
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APPENDIX: USE OF AutoCAD
Introduction
The technical drawings and diagrams created for the 
MOCVD apparatus were all performed using AutoCAD, an 
engineering graphics program from Autodesk, Inc. AutoCAD 
has excellent flexibility and is easy to learn and simple to 
use. The basis of its simplicity lies in the excellent menu 
system that drives the program. In addition, each of these 
menus has a myriad of choices, giving AutoCAD great 
flexibility with display windows, drawing modes ,  editing, 
and printed output, using just a mouse and the numerical 
keypad of the computer. This freedom makes AutoCAD the 
ideal tool for performing both the design drawings and the 
later, updated drawings of the actual equipment used in the 
MOCVD project.
itenvs
As with many excellent programs, AutoCAD is menu driven 
to allow ease in usage via a mouse. The hierarchy of menus 
in AutoCAD is somewhat complicated in theory, but in actual 
use is practical and easy. The main menu is called the 
ROOTMENU and can be called up from any other menu in the 
program by selecting the "AutoCAD" option in the upper right 
hand corner of the screen. This ability to return to the 
ROOTMENU directly from even the most remote of submer«u 
makes it easy to change and cancel commands. For example,
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if the user is drawing a small line between two objects and 
decides that a closer view is needed, he need only call up 
the ROOTMENU directly and then select the DISPLAY option to 
change the viewing window. This is handy because to get to 
the command that actually draws the line requires going 
through two menus to get to the LINE submenu. Many programs 
would require the user to exit each of these menus to get 
back to ROOTMENU. When even a small drawing requires well 
over 2 0 0 drawn lines and figures and numerous changes in the 
viewing window, this feature makes AutoCAD much quicker and 
user-friendly.
There are several other menus that can be directly 
accessed from most of the other menus. Both the EDIT and 
DRAW menus can be chosen from inside other menus, removing 
the need to go through the ROOTMENU. In the example given 
above, once the user has changed the view on the screen, he 
can go back to the DRAW menu without the use of ROOTMENU. 
Another nice feature of AutoCAD's menu system is the LAST 
option which puts the program back to the last menu used. 
Finally, the OSNAP routine is available from all the other 
menus by choosing the row of asterisks in the upper right 
hand corner of the screen. OSNAP is really a submenu that 
brings up some extremely useful options that can only be 
used with another command. The usage of OSNAP will be 
discussed later in conjunction with the description of 
AutoCAD's drawing modes.
14
Display Capabilities
The next important feature of AutoCAD is the great 
flexibility of the screen display. The basic parameters of 
the drawing are defined by using the SETTINGS menu. Under 
SETTINGS, the user can set the unit system used (UNITS), the 
limits of the drawing (LIMITS), put ruler markers along the 
edge oi the screen (AXIS), lay down a background grid for 
sketching that doesn't appear in the hard output (GRID), and 
many other options too numerous to list. Many of the 
commands in SETTINGS ran be executed using the function keys 
of the computer or control commands, but it is much easier 
to use the menus than to try and remember all the codes.
The most important menu for manipulating the output on 
the screen is DISPLAY. Of the DISPLAY commands, far and 
away the most useful is ZOOM. This command works exactly 
like a zoom lens on a camera, changing the display limits to 
show different sections of the whole picture. The ZOOM 
submenu has several useful opt ions. The ALL selection puts 
the full picture on the screen, out to the limits defined 
under SETTINGS. EXTENTS shows everything that has been 
drawn, but scales the largest dimension (either height or 
width) of the picture to just fit on the screen. PREVIOUS 
displays the last view shown on the screen. When WINDOW is 
chosen, the program asks for two opposite corners of a 
rectangle that will contain the view to be shown magnified 
on the screen (if the ratio of height to width isn't the
same as the*? computer screen, the program will show more of 
the picture; it. will not distort the display). The last 
useful version of ZOOM is DYNAMIC". This option shows the 
full drawing with a window around the most recently chosen 
window and gives the user a cursor that will move that 
window to enclose the new view desired, thus removing any 
question of what will he in the new window. The other 
opt ions g i ven f <>r Z00M a r** jus t f anc i or ways t o cho*.)se a 
window. Onee a user beeomes ocmfortab 1 e wi 1 h Z0<)M, all the 
other features of AutoCAD will become easier to use.
There are several other commands in the DISPLAY menu 
that are worth using regularly. The PAN command allows the 
user to displace the viewing window along a given vector 
(direction and magnitude chosen by the user). Hence, if not 
of all of an object is in the display window being used, PAN 
is an easy way to put the whole object in view. REDRAW puts 
up the exact same view that is present on the screen, but. 
removes any cursor marks made with the mouse and checks the 
‘active*' picture in the program's memory against what is on 
the screen, correcting any mistakes on the screen. REGEN 
behaves similarly, but it does the checking for the whole 
drawing, not just the active window. Furthermore, REC: N 
will rescale the drawing limits if something has been drawn 
past those limits. This can occur because the program 
"draws” on an effectively infinite sheet of paper and only 
uses the limits given as guidelines for showing the d ’ng
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without including any unused space. Thus, if more space is 
needed than was originally thought, the user can merely draw 
off the edge of the display. Certain operations, >uch as 
ZOOM ALL, when applied to a picture that has exceeded its 
preset limits, will cause an automatic regeneration by the 
computer, unless the user specifically turns off this 
feature by setting REGENAUTO to off.
There is a special command that is given its own 
position in the ROOTMENU. This command is LAYER, and it 
allows a drawing to be made in levels, as if parts were 
drawn on different transparent sheets and then overlaid.
This feature can be invaluable for the manipulation of a 
drawing. For example, in the DRAW menu there is a command 
TEXT which will write text of varying size in various modes, 
such as right justified, centered, and dynamic (the text 
appears in the drawing as it is typed so that its relative 
position can be judged before the text is made final). Many 
times, TEXT is used for titles and labels, which can 
sometimes clutter up a picture. By putting the writing on a 
different layer from the rest of the drawing, the labels can 
be kept out of the way and called up only when needed. 
Furthermore, each layer can be given a different color 
(there are eight choices) and a different 1inetype (solid, 
dashed, dotted). The LAYER command of AutoCAD makes 
creation and editing of drawings very easy.
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Drawing Modes
The features mentioned so far are very handy and make 
the manipulation of drawings easy. However, the real power 
of the program lies in the commands in the DRAW menu. Any 
of the parameters needed for these commands can be entered 
numerically from the keyboard or freehand with the mouse. 
Using numerical coordinates is usually easiest when the 
object to be drawn has well-defined dimensions. A point: can 
he entered in two modes* a b s o l u t e  and relative. Absolute 
coordinates give the point's l o c a t i o n  in reference to the 
origin defined at the beg i n n i ng o f t he drawing. A point is 
entered in this fashion by typing the Cartesian coordinates, 
say (2 ,2 ), without the parentheses. If polar coordinates 
were to be used, the coordinates would be entered as 
2.818<45, indicating a point 2.818 units away from the 
origin at an angle of 45°, measured counterclockwise from 
right = 0°. Relative coordinates are similar, but they give 
the point's location with reference to the last point 
entered, and are denoted by preceding the coordinates with 
an @ symbol, i.e. 02,2 or P2.818<45.
The above method is fine if the dimensions of the 
object are known, However, some things, such as connecting 
tubes and curved objects of unknown radius of curvature, 
require freehand drawing using the mouse, the multitude of 
shapes available under DRAW, and the single most important
submenu, OSNAP. Among the objects available are lines,
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arcs, circles, polygons, donuts, ellipses, and plines (lines 
with variable thicknesses; the thicknesses can be varied 
during a line segment, allowing the production of wedges, 
arrows, etc.)- Most importantly, the OSNAP routine ties all 
of these options together by alio ;ng a point to be placed 
exactly at the endpoint or midpoint of a line or at the 
intersection of two lines. It will also draw lines 
perpendicular to other lines, tangent to curves, 
intersecting a chosen object at the point on the object 
nearest to the last chosen point, and several other options 
by just chosing the operation from the menu. This is where 
the true drawing power of this program lies because it frees 
the user from tedious calculations and painstaking use of 
the mouse. To use OSNAP:
1) Choose the drawing operation desired.
2) When asked for a point, call OSNAP.
3) Choose the OSNAP option desired.
4) Move the cursor until the box around the cursor 
contains the object the operation is to be "snapped” to.
5) Press the left mouse key.
The menu on the right side of the screen will automatically 
return to the last menu, and the computer will execute the 
drawing operation, modified by the OSNAP condition selected. 
The combination of absolute and relative coordinates with 
accurate mouse inputs via OSNAP is what gives AutoCAD its 
flexibility in creating drawings.
Editing
The last menu of great importance is the EDIT menu. As 
with DRAW, this menu has a plethora of commands at the 
user's disposal, but these options can be put in two major 
categories: constructive commands and destructive commands.
This classification is fairly obvious; constructive 
commands, like COPY and MOVE, edit by rearranging elements 
of the drawing, while destructive commands, such as ERASE, 
remove objects from the drawing. Most of the constructive 
commands operate on an object or group of objects in a 
manner easily deduced from the command's name: COPY, MOVE,
EDIT, ROTATE, ARRAY (makes an array of copies). However, 
several of the more useful commands are more obscurely 
named. CHAMFER and FILLET "round-off” a connection between 
the ends of two lines; CHAMFER uses a straight line while 
FILLET uses an arc. Some of the destructive commands can be 
confusing as well. For example, the function of ERASE is 
straightforward, but the BREAK command isn't necessarily 
self-explanatory. What BREAK does is erase only part of an 
object, as specified by the two points marked on the object 
by the user. Note that all of the EDIT commands can utilise 
the OSNAP submenu, so a line could be shortened by half by 
utilising the BREAK command and using MIDpoint and ENDpoint 
(from OSNAP) to mark the breaking points.
A very important feature of the EDIT menu is that an 
error, especially with a destructive command, can be easily
-emedied. The UNDO command at the bottom of the EDIT menu 
will move the program back to the point immediately before 
the last command was inputted, effectively removing the last 
operation from the computer's memory. In the ERASE 
command's submenu, there is an OOPS option that does the 
exact same thing as UNDO, but only for an ERASE operation. 
When all the different editing options are combined with the 
commands in DRAW, AutoCAD becomes an extremely powerful 
drafting tool.
Hardcopy
Now that all of the main points of creating, editing, 
and manipulating a drawing using AutoCAD have been 
described, the only program feature left to be discussed is 
the hard copy output of the finished drawing. The PLOT menu 
is very simple when it is called up; the user merely has to 
indicate whether the computer is connected to a printer or a 
plotter. The drawing will disappear from the screen and the 
computer will ask for the part of the drawing to be 
outputted. The options are pretty much the same as for the 
ZOOM function listed earlier. This means to print the full 
picture it is best to use EXTENTS (LIMITS will print the 
whole picture only if it is contained by the last 
regenerated display limits). The program then lists the 
default parameters for the output of the drawing. For most 
practical purposes, all of the parameters are fine. Hit 
<RETURN> and the picture will be outputted in several
minutes. For certain printers, such as laser printers, it 
is better to configure the printer as a plotter and then use 
the plotter option. The program takes longer to output the 
drawing, but the hard copy quality is better.
PEffign Tre.toiUqMfis
Now that all of the pertinent points about AutoCAD have 
been covered, it is time to describe the methods used to 
create the drawings for the MOCVD project. There were two 
main drawings done* the design of the Super CVD and tht 
drawing of the already completed small scale deposition 
chamber. These two drawings required different approaches, 
each having its own fine points.
Design work, such as that done for the Super CVD, has 
several distinct stages. First, schematics or dimensions of 
all the prefabricated pieces are needed. These pieces 
should be drawn as close to scale as possible and then 
moved, mirrored, rotated, or copied in different 
orientations until the preferred orientation is obtained. 
Second, the area that the equipment is goir , to have to fit 
in should be measured, and noted in the drawing accordingly 
(perhaps as a marked off area on a different layer, denoting 
the boundaries the equipment must stay within). Third, the 
connections between the different prefabricated pieces 
should be drawn in using mainly freehand techniques. For 
the Super CVD, the vacuum stack was assembled first with the 
pump, trap, and gate valves. The spool was designed to
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connect the pump and lower gate valve, and then the other 
tubing connecting the roughing pump with the rest of the 
system was drawn mostly freehand. Since the elbow and tee 
connectors were ordered from an outside source, these were 
drawn by specifications, not freehand. Finally, the 
glassware of the deposition chamber was sketched out and the 
mass spectrometer was drawn by a combination of 
specifications and freehand arcs and circles. The final 
drawing was actually rearranged slightly several times to 
more closely represent the actual system.
The drawing of a system that has already been 
fabricated, such as the small scale deposition system, is 
usually easier than drawing a design because all cf the 
pieces are right there and can be measured. The goal of 
this kind of drawing is to make it as accurate as possible, 
sort of a "photograph" of the subject. Fairly regular 
pieces of equipment can just be measured and drawn from 
those specifications. However, the creativity of the user 
is tested when it comes to drawing irregularly shaped 
objects. For example, the round bottom schlenk flask in the 
lower right corner of the small scale apparatus drawing had 
two difficult features to drawt the ground glass joint and 
the side arm for attachment to a vacuum source.
Furthermore, these had to be integrated into the round walis 
of the flask* The solution to this problem was to draw the 
joint separately, make a copy (since another was needed in a
different part of the drawing), <ind cl raw a 1 <u ge a i < ?iit<> 
the lower ends of the joint. Then, using the mouse and 
relative radial coordinates, the side arm was sketched out 
(using OSNAP liberally) until it matched the real side arm 
fairly closely, Finally, the piece of the arc that was 
"blocking the connection of the side arm with the flask was 
removed using BREAK. The beauty of the program is that a 
similar side arm was needed for the long schlenk tube on the 
left side of the drawing, so a copy was made of the first 
one and was fitted on nicely using MOVE and OSNAP. The 
final drawing is attached, along with the Super CVD diagram, 
to give an example of the intricacy that can be obtained 
using AutoCAD.
SBUBSlMlttn
AutoCAD, produced by Autodesk, Inc., was used to create 
all of the technical drawings used in the design of the 
Super CVD project, Its many useful features, including the 
arrays of menus, different drawing modes, flexible display 
and editing capabilities, and easy outputting of drawings to 
plotter or printer, made it ideal for the project. These 
many features, as well as two approaches to making drawings 
using AutoCAD, have been discussed herein to provide a 
brief, informative set of guidelines for the use at AutoCAD.
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